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Abstract 

The flow field characteristics and the thermal effectiveness 
of a synthetic jet are investigated experimentally for two 
orifice diameters (15 and 25 mm) and frequency varying 
from 10 to 100Hz using hotwire anemometry, flow 
visualization and thermal imaging camera. The synthetic jet 
is generated through a circular orifice using frequency 
controlled acoustic speaker.The near and far field flow are 
characterized by measuring the fluctuating velocities along 
the axis of the actuator. The evolution of synthetic jet is 
observed for different actuation frequencies using the 
pulsed laser and high-speed camera. It has been observed 
that rate of discrete vortex ring formation is proportional to 
the actuation frequency. The vortex rings formed at lower 
frequencies (10Hz) move far downstream before being 
dissipated into a turbulent structure. However the mutual 
interaction between vortex rings causes the jet to become 
turbulent much earlier at higher frequencies. A substantial 
reduction in temperature over the heat sink is observed 
with synthetic jet compared to natural convection. 

Keywords .'Synthetic jet; Vortex ring ; Hot-wire anemometry; Flow 
visualization; Acoustic actuator 

I. INTRODUCTION 

The active use of synthetic jet is increasing rapidly as the 
scientific world is pacing up to the desired level of sophistication 
through multidisciplinary research [1,2]. The synthetic jet is 
widely used in many miniature devices for heat transfer 
enhancement. It is also used for enhancing the mixing, 
controlling the flow inside the boundary layer and prevention of 


stall over the aerofoil [3]. It is formed by the interaction of 
discrete vortex rings driven by the actuator.The actuator creates a 
favourable pressure gradient and imparts an impulsive 
perturbation to the quiescent ambient during the ejection stroke. 
This creates a separation of the boundary layer at orifice exit and 
subsequently creates a vortex ring [4]. This vortex ring proceeds 
downstream due to its self-induced velocity. During the suction 
stroke, adverse pressure gradient causes the flow reversal at the 
orifice exit which sucks the ambient fluid as the vortex ring gains 
momentum. The cycle of ejection and suction repeats with the 
desired frequency creating a train of vortex rings [5]. 



Fig. 1 Experimental setup with apparatus 


The advantage of a synthetic jet is that it uses the fluid present in 
its vicinity. There is no mass addition to the system (zero net 
mass flux jet) which attracts various applications. The formation 
of vortex ring is dependent upon a narrow range of time scale [6]. 
The synthetic jet used in electronics cooling showed a higher 
cooling effect than continuous jets in the Re range of 100-3000 
[7]. The heat transfer enhancement for miniature electronic 
devices is the key in increasing their performance which is 
restricted due to its maximum allowable temperature [8]. Since 
the flow around a miniature electronic components are essentially 
laminar, the conventional cooling using fan cause less heat 
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transfer compared to the synthetic jet at higher frequencies [9]. A 
preliminary study on flow and thermal characteristic at low 
actuation frequency is presented in this paper which would help 
in applications where low actuation frequencies are desired. 

II. EXPERIMENTAL DETAILS 

The experiments are carried out in a closed enclosure as shown in 
Fig. 1. The synthetic jet is generated from a loudspeaker ( 6 V 2 inch 
20-watt power) which is fixed on the orifice plate. The distance 
between the orifice slot and loudspeaker is 50 mm. The orifice 
thickness is 3 mm. The experiments were performed with two 
orifice plates having a diameter of 15 mm and 25 mm. The 
instantaneous velocity is measured using hot-wire anemometry 
placed at the centreline axis of the orifice. The heat sink is placed 
at the same location where velocity is measured. The temperature 
distribution over the heat sink is measured using a thermal 
imager. 

The actuator is excited at discrete low frequencies of 10, 30, 50 
and 100 Hz using a function generator and amplifier. 
Instantaneous velocity in the streamwise direction is measured 
using (Dantec Dynamics CTA 54N82) anemometer employing 
miniature single hot-wire probe having a wire diameter of 5|im 
and length of 2mm. The hot-wire probes are calibrated at low 
speeds (up to 15 m/s) in a wind tunnel as the maximum centre 
line velocity of the jet is less than 15 m/s for the cases considered 
in the present study. The temperature of the heat sink is measured 
using the hand-held thermal imaging camera (Fluke Ti32), 
having high performance 320 X 240 focal plane array sensors. 
The resolution of the imager is ±2°C or 2% whichever is greater 
at 25 °C nominal operating condition. Velocity and temperature 
data is recorded at different locations by considering the non- 
dimensional downstream distances (X/D), where X and D are the 
distance along the orifice axis perpendicular to the wall and 
orifice diameter respectively. 

III. RESULTS AND DISCUSSION 

Instantaneous velocities for 10, 30, 50 and 100 Hz actuation at 
X/D = 0, 5 and 10 are shown in Fig. 2, 3 and 4 for the orifice 
diameters of 15 mm (a) and 25 mm (b). Considering the lowest 
actuation frequency of 10 Hz, Fig. 2a and b show primary peak 
twice in roughly 0.1 sec, downstream (Fig. 3a and 3b) one such 
peak was observed in 0.2 sec and 0.4 sec respectively. 




Fig.2 Velocity variation at X/D= 0 for orifice diameter (a) 15 mm (b) 25 mm. 



Fig.3 Velocity variation at X/D= 5 for orifice diameter (a) 15 mm (b) 25 mm. 
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Fig.4 Velocity variation at X/D= 15 for orifice diameter (a) 15 mm (b) 25 mm. 

While further downstream (Fig. 4a), there is one peak in 0.6 sec. 
In comparison to orifice diameter 15 mm with 25 mm, the former 
(Fig. 4a) is seen to be capable of maintaining flow much more 
downstream than latter (Fig. 4b). 



Fig. 5 Flow visualization of synthetic jet at the near field for 10 Hz. 



Fig. 6 Flow visualization of synthetic jet at the far field for 10 Hz. 

The two peaks in Fig. 2 clearly show ejection and suction of the 
ambient air at orifice exit. There is a slight change in the peak 
velocity for 10, 30 and 50 Hz. In Fig. 4a, there is a possibility that 
vortex rings changes its orientation and becomes offset from the 
centreline axis (Fig. 6). A flow visualization of this experiment at 
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10 Hz shows the complete flow structure in the synthetic jet. Fig. 
5 shows the formation, growth, and translation of discrete vortex 
ring in the near field. While Fig. 6 shows the vortex rings at the 
far field. Fig. 7a shows that the jet maximum velocities decrease 
in the flow downstream. 



Fig.7 Variation of maximum velocity with X/D and different frequencies 
for orifice diameter (a) 15 mm (b) 25 mm. 

At the actuation frequencies of 30 and 50 Hz (Fig. 7a), the 
maximum velocities showing a reversal behaviour which may 
be attributed to the discrete vortex ring formation at the orifice 
with less interaction in the near field of the actuator. The vortex 
rings may interact with the flow reversal of the suction stroke 
and can lose its momentum for 50 Hz. Fig. 7b shows a sharp 
decrease of maximum velocity at all observed frequencies. 
There may be a possible offset of vortex ring from centreline 
axis at the far field downstream as suggested by the flow 
visualisation (Fig. 6). 



Fig. 8 Non-dimensional averaged temperature over a heat sink for 
different actuation frequencies at X/D = 1, 3, 4.5 and 6 for 15 mm orifice 
diameter. 

The thermal effectiveness of the synthetic jet obtained at X/D = 
1, 3, 4.5 and 6 with an increase in non-dimensional time (x) for 
four frequencies (10, 30, 50 and 100 Hz) are shown in Fig. 8. 
An electrical resistor maintained at constant heat flux 
(providing constant electrical power) is used as a heat sink. The 
resistor is mainly coated with ceramic having emissivity of 


around 0.9. Thermal images were post processed with the 
background temperature of 28°C using Fluke smart view 
software. The synthetic jet impinges on the frontal area of the 
heat sink and temperature field is measured at the top surface. 
Higher actuation causes much more effective transport of 
energy from the sink surface. As X/D increases vortex ring 
spreads and area of the heat sink is more exposed to the 
impinging jet resulting in more effective cooling. The effect of 
natural convection is also shown in Fig. 8 for comparison. The 
non-dimensional time (x) has been calculated with jet centreline 
mean velocity obtained for 100 Hz actuation at X/D = 0, with a 
characteristic length as orifice diameter. Temperature is non- 
dimensionalized with maximum temperature reached during 
natural convection (100. 6°C) and ambient temperature (28°C). 

IV. CONCLUSIONS 

In the present study, the evolution of synthetic jet at discrete low 
actuation frequencies of 10, 30, 50 and 100 Hz is examined. At 
10 Hz actuation frequency, discrete vortex rings are formed and 
sustained for prolong period compared to higher actuation. 
Vortex ring interactions near the orifice exit cause momentum 
loss at higher frequencies. This effect may be attributed to 30 and 
50 Hz maximum velocity reversal. Compared to 15 mm orifice, 
the initial impulse was less in 25 mm orifice causing an earlier 
transition to turbulence. These jets have also shown an effective 
cooling of a resistor for all four actuation frequencies. A future 
study emphasizing on the observed complexity will be the step 
forward from this preliminary study. Future works will also 
involve more qualitative and quantitative techniques to visualize 
and analyse the synthetic jet. 
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